A minor, sweet cucurbitane-glycoside, named iso-mogroside V (1), was isolated from Luo Han Guo (Siraitia grosvenorii (Swingle) C. Jeffery) along with five previously reported mogrosides. The structure of iso-mogroside V, 3-
Siraitia grosvenorii (Swingle) C. Jeffery (syn. Momordica grosvenori; family Curcubitaceae,) is a unique Chinese plant growing mainly in Guangxi Province, China. The fruit, called Luo Han Guo, has been used for centuries in traditional Chinese medicine for the treatment of dry cough, sore throat, dire thirst, and constipation [1] . However, Luo Han Guo is well known now throughout the world due to its intense sweet taste and has been used as a noncaloric natural sweetener in some countries. Early chemical investigation in the 1970s revealed that the sweet principles of Luo Han Guo were triterpenoid glycosides [2] . The complete structures of the major, sweet, cucurbitane-type triterpenoid glycosides, named mogrosides V and IV were established by Takemoto's group [3a-3c] . Since then, several minor, sweet mogrosides have been isolated and characterized [3d-3f] . Unlike the ripe sweet fruits, the unripe Luo Han Guo tastes bitter. Recent studies on the unripe fruits of S. grosvenori led to the identification of a major bitter component, mogroside IIe, along with other glycosides [4a,4b] . Additionally, several new cucurbitane glycosides were reported, which showed inhibitory effects on Epstein-Barr virus activation [4c,4d] .
LC-MS analysis of the commercial Luo Han Guo extract indicated the presence of a few minor components. One of them has nearly the same HPLC retention time on a C18 column and exactly the same elemental composition as the major sweet compound, mogroside V. Isolation, structure elucidation, and sensory evaluation of this minor cucurbitane glycoside, iso-mogroside V (1) is reported herein.
Iso-mogroside V (1) was isolated as an amorphous solid with a molecular formula of C 60 H 102 O 29 , determined by high resolution ESI-TOF MS (at m/z 1287.6530 [M+H] + ). The aglycone was identified as mogrol by analysis of 1 H and COSY, TOCSY, HSQC and NOESY spectra and further confirmed by the long-range connectivity observed in HMBC ( Table 1 ). The 1 H and 13 C NMR spectra displayed five anomeric protons at δ 4.77 (d, J = 7.2 Hz), 4.43 (d, J = 7.4 Hz), 4.42 (J = 8.0 Hz), 4.31 (J = 8.0 Hz), and 4.29 (J = 7.7 Hz), and carbons at δ 106.3, 104.6, 104.5, 104.4, and 104.2 ( Table 2 ). The sequence of the oligosaccharide chain was established by a combination of gCOSY, TOCSY (t m = 120 ms), HSQC, HMBC and NOESY (t m = 600 ms) experiments. To facilitate the proton assignments, the five anomeric protons were consecutively labeled by the letters G-1 to G-5 from the lower field (Table 2, Figure 1 ). The sugar components were identified as β-glucose.
The initial assignment of the glycosyl linkages were based on NOE contacts between H-1 resonances and resonances of the aglyconic residues. The NOE contact between H-1 of G-1 (δ 4.77) and H-2 of G-2 (δ 3.61) was diagnostic for the 1→2 linkage between these two glycosyl residues. Similarly, the NOE contacts between H-1 of G-5 (δ 4.29) and both H-6 (δ 3.63, 4.24) of G-2 indicated the 1→6 connection ( Figure 1 ). Meanwhile, a strong NOE was also observed between the H-1 of G-2 (δ 4.43 and H-24 (δ 3.40) of the aglycone (δ 3.40). Thus, the two terminal glucose residues (G-1 and G-5) were linked through a 2,6-branched glucose (G-2) to C-24 of mogrol. The NOE contact between H-1 of G-3 (δ 4.42) and H-4 of G-4 (δ 3.55) indicated that the two remaining glycosyl residues was via a 1→4 linkage and the disaccharide was connected to C-3 of the aglycone based on a strong NOE contact between H-1 of G-4 (δ 4.31) and H-3 of the aglycone (δ 3.47).
The sugar linkage was further confirmed by an All the glycosyl residues were of the -β-D-pyranose type, as determined from their 13 C NMR characteristics, 3 J H1,H2 (7-8 Hz) coupling constants, and NOE correlations. Thus, the structure of 1 was established as 3-
Detailed NMR analyses were also carried out for mogroside V (2) ( Table 2 ). Compound 1 is an isomer of 2, the only difference being at the linkage of the disaccharide at C-3 of mogrol. The other known sweet mogrosides were identified as 11-oxomogroside V (3) Mogroside V is the major sweet component of Luo Han Guo. The commercially available Luo Han Guo products have contents of mogrosides around 80% according to their product specifications. The content of mogroside V ranges between 25-30% in these commercially refined Luo Han Guo extracts. Siamenoside I, mogroside IVa, and 11-oxomogroside V are the minor sweet components. A recent study reported that the relative sweetness of mogroside V, IV, siamenoside I, and 11-oxomogroside V were 378, 300, 465, and 68 times sweeter than that of sucrose [5b] . The taste quality of these mogrosides was found to be superior to that of rebaudioside A from stevia, dipotassium glycyrrhizinate from licorice, and the synthetic sweetener, saccharin sodium [5b]. A sensory evaluation was carried out to determine the sweetness of iso-mogroside V near sucrose taste threshold (ca. 0.5% w/v). The sweetness threshold for iso-mogroside V (1) was estimated as 10 ppm. Accordingly, iso-mogroside V is about 500 times sweeter than sucrose at 0.5% (w/v). At 10 and 20 ppm levels, isomogroside V was perceived to be sweeter than mogroside V (2).
HPLC analysis revealed that iso-mogroside V is a native minor component existing in several commercial Luo Han Guo extracts. The ratio of isomogroside V (1) relative to the major sweetener, mogroside V (2), is about 3.4%.
Experimental
General experimental procedures: Optical rotations, IR, NMR and LC-MS were measured with a Rudolph Autopol IV polarimeter, Perkin Elmer 2000 FT-IR spectrometer, Bruker DRX Avance 500 spectrometer, and Waters Q-TOF Micro mass spectrometer coupled with a Waters 2795 separation module, respectively. Preliminary purification was carried out on a column packed with Diaion HP-20 (Mitsubishi Chemical) resin. Low pressure chromatography was performed on a Biotage Flash system using a C-18 cartridge (40+ M, 35-70 µm). HPLC was performed on an Agilent 1100 preparative HPLC system with a Phenomenex Luna C18 (2) column (5 µm, 210 x 21.4 mm).
Plant material:
The Luo Han Guo extract (commercial name Swingle) was purchased from FuZhou Corona Science & Technology Co., Ltd. A voucher specimen is deposited at Givaudan Flavors Corp., No. P06-128.
Purification: The Luo Han Guo extract (20 g) was applied to a column of Diaion HP-20 (600 g) and washed with water and 30, 50, 70, and 100% MeOH. Part of the 70% fraction (2.23 g) was purified on a C-18 column using a Biotage Flash chromatography system. Solvent system: gradient from 30-80% MeOH-water, 30 mL/min. Detection at UV 210 nm. Fractions 43-44 (332 mg) were combined and further subjected to repeated preparative HPLC purification to afford iso-mogroside V (1, 8 mg) . Solvent system: 50% MeOH-water, 20 mL/min. Detection at UV 210 nm. The major sweet principle, mogroside V (2, 1.5 g) was also purified along with four minor sweet components 11-oxo-mogroside V (3, 11.5 mg), siamenoside I (4, 15.4 mg), mogroside IVa (5, 12.4 mg), and mogroside IVe (6, 6.7 mg). 
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Identification of the sugar components:
Isomogroside V (1, 1.0 mg) was hydrolyzed with 7% HCl (1 mL) for 1.5 h. After cooling, the mixture was passed through an Amberlite IRA400 column and the eluate was lyophilized. The residue was dissolved in pyridine (0.5 mL) and heated with L-cysteine methyl ester HCl (5 mg) at 60ºC for 1.5 h, and then O-tolyl isothiocyanate (25 uL) was added to the mixture and heated at 60ºC for 1.5 h. The reaction mixture was analyzed by HPLC: column Phenomenex Luna 5 u C18 (2), 150 x 4.6 mm; 25% acetonitrile-0.2% TFA water, 0.8 mL/min; UV detection at 250 nm. D-glucose (t R , 15.43 min) was identified [authentic samples, D-glucose (t R , 15.58) and L-glucose (t R , 14.11 min) [5c]].
Sensory evaluation:
The sweetness intensity of 1 was evaluated at near sweetness detection threshold concentrations by 5 sweet sensitive panelists. 10 ppm iso-mogroside V in water was determined for its isointensity to sucrose solutions (0.5, 1.0 and 1.5 % sucrose) using a paired comparison method. Samples were coded and randomly presented to panelists in 15 mL aliquots at ambient temperature. The panelists were asked to rinse their mouths with water in between samples. The results indicated that 10 ppm 1 was sweeter than water, less sweet than 1% sucrose, and isosweet to 0.5% sucrose (barely sweet). Accordingly, the sweetness threshold of isomogroside V in water is about 10 ppm. At 20 ppm level, 1 was determined to be iso-sweet to 1% sugar solution. Additionally, a direct comparison of the sweetness of 1 and 2 was carried out. All the panelists indicated that 1 is apparently sweeter than 2 at the concentration of 20 ppm.
